The effect of temperature on infection, development and reproduction of five Heterorhabditis isolates was examined in Galleria mellonella larvae. Infectivity was examined at six temperatures (5,10,15,20,25 and 30°C). The proportion of Galleria infected remained relatively constant, only dropping at extremes of the temperature range tested. However, the mean number of nematodes per host produced a different trend, with each isolate displaying optimal infectivity at 25 C C. The temperature range over which the juveniles could infect differed between the isolates. This is thought to be related to the geographic origins of the species. Development and reproduction occurred over a slightly narrower temperature range than that allowing infection to occur. Differences between the isolates at which development and reproduction occurred were noted. There were also differences in the mean number of juveniles produced per cadaver following either infection in sand (10 nematodes/larva) or the injection of one juvenile per larva, suggesting that reproduction is tightly regulated by density-dependent constraints.
Introduction
Nematodes of the family Heterorhabditidae are insect pathogenic nematodes whose infective stage is found naturally in soil. Infection of the insect host is initiated by the infective juveniles entering through positive natural openings of mouth, anus or spiracles (Poinar, 1979) or by penetrating directly through the insect cuticle (at intersegmental membranes) by way of a terminal tooth (Bedding & Molyneux, 1982) . Once in the haemocoele, the infective juveniles release the symbiotic bacterium Photorhabdus luminescens (Boemare et al, 1993) which causes a lethal septicaemia within 24-48 hours. The nematodes develop and reproduce within the cadaver, feeding on the nutrient 'soup' provided by the bacteria. One to three such generations can occur within the cadaver. Dauer larvae are eventually formed which leave the cadaver to enter into the environment.
Entomopathogenic nematodes have significant potential as biocontrol agents against a wide range of soil-dwelling insects (reviewed by Klein, 1990) . As the infective stage of these nematodes is found naturally within soil, as opposed to the soil surface or on the surface of plants, they will be 'protected' to a certain extent from environmental extremes. Nevertheless, they are still exposed to the full rigours of the soil environment. Many abiotic factors affect heterorhabditids, directly and indirectly, the major ones being moisture, solar radiation, soil type and temperature. Moisture levels do not change sharply on a day to day basis within localized soil layers even after severe downpours of rain, and solar radiation does not penetrate deeply into the soil layer (Hanks, 1992) . Also, soil type will be relatively uniform and therefore unimportant as a localized variable. Temperature, on the other hand, can fluctuate dramatically on a daily and annual basis significantly deep into the soil layer (Hanks, 1992) . If the effect of the abiotic factors listed are considered over a short temporal scale, temperature has the greatest effect.
The effect of temperature on various aspects of the biology of steinernematids is relatively well documented in comparison to heterorhabditids, where surprisingly little is known. The objective of the present study was to examine the effect of temperature on infection, development and reproduction for five Heterorhabditis isolates from different geographical origins.
Materials and methods

Nematode cultures
Five heterorhabditid isolates were used in this study:
H.megidis (UK isolate)
This heterorhabditid was isolated using the method of Bedding & Akhurst (1975) in the south-west of England in 1987 (Hominick & Briscoe, 1990) . It was subsequently identified asH. megidis (North West European type) (Smits et ah, 1991) . Identification was based on morphology (unpublished results) and DNA analysis (performed by Dr J. Curran, CSIRO, Canberra, Australia using an H. megidis species-specific DNA probe).
H. megidis (Dutch isolate)
This was isolated in the Netherlands in 1987 again using the method of Bedding & Akhurst (1975) Wouts (1979) .
This species was has been in culture at Silwood Park for several years but was originally obtained from Horticultural Research International, Littlehampton. Poinar, 1975. This species was obtained from Dr J .Curran, CSIRO, Canberra, Australia.
H. bacteriophom
Heterorhabditis species (Trinidad isolate)
This unidentified species was isolated in Trinidad by Gill Allard, International Institute of Biological Control, Silwood Park, Ascot, Berks in 1988.
Each of the above isolates was cultured in vivo using Galleria mellonella L. as the host species (Poinar, 1979) . Cultures were maintained at different temperatures, reflecting their geographical origins. Heterorhabditis megidis (UK and Dutch isolates) was cultured at 15°C, H. zealandica and H. bacteriophora at 20°C and the Trinidad Heterorhabditis species at 25°C. The resulting juveniles were stored at 15°C for not longer than six days prior to use.
Galleria mellonella I . cultures
Cultures of Galleria mellonella L. were maintained at approximately 25°C on an artificial diet (after Poinar (1979) .
Sand tubes
This infection assay is based on Fan & Hominick (1991) . The tubes used were 30 ml plastic universals fitted with screwtop lids. Twenty-five ml of sand, to which 1 ml of tap water had been added, was added to each tube. Prior to use, all sand was washed, autoclaved and oven dried. Tubes of sand were prepared 24 h in advance and placed at the appropriate experimental temperature to allow equilibration. After this time the required nematode dosage was applied in 1 ml of tap water; thus, the final moisture content of each tube was 8% (v / v). Galleria mellonella larvae (approximately 160-170 mg in weight) could then be added as required. Having added the larvae and fitted the screwtop lids, each tube was inverted to ensure constant contact between the larva and sand. Tubes were placed in plastic bags, a piece of water-saturated tissue placed in each bag to maintain humidity, and the bags sealed by tying a knot in the top of each one. The bags of tubes were then placed at the experimental temperature for the required period of time.
Effect of temperature on infection
For each nematode isolate, 210 tubes of sand were prepared as described above and divided into seven groups of 30 tubes. One group was placed at each of the following temperatures (± 1°C): 5°C, 10°C, 15°C, 20°C, 25°C, 30°C and 35°C. Following incubation of the tubes of sand at the experimental temperature for 24 h, a dosage of 200 nematodes (in 1 ml of tap water) was applied per tube. The four nematode isolates used were: H. megidis (UK), H. megidis (Dutch), H. zealandica and the Trinidad Heterorhabditis species.
One G. mellonella larva was added to each tube and the tubes inverted. Tubes were placed at the relevant experimental temperature for 72 h. Following incubation, the Galleria larvae were removed, washed in tap water, further incubated as required and then dissected. The number of infected cadavers and the number of nematodes dissected from each cadaver were recorded.
Effect of temperature on nematode development
For each of the five nematode isolates, 136 tubes of sand were prepared as above and placed at 20°C for 24 h to allow thermal equilibration. A dosage of 200 nematodes (in 1 ml of tap water) was applied to each tube. One G. mellonella larva was added to each tube which was then inverted. The tubes were placed at 20°C for 48 h to allow nematode infection to occur. After this time, the larvae were removed, washed in tap water, dried, and divided into four groups (see below). Each group was placed in a separate petri dish (9 cm diameter) lined with moist filter paper; one group placed at each of the following temperatures: 10°C, 15°C, 20°C and 25°C. At each temperature, ten cadavers were also placed on 'White traps' (White, 1927) Upon dissection of the cadavers, the developmental stage of the nematodes was noted. The 'White traps' were examined daily for nematode emergence. The numbers released were not counted.
Effect of temperature on juvenile production at low infection levels
For each of the five nematode isolates, 70 tubes of sand were prepared as described above and incubated at 20°C. Ten nematodes (in 1 ml of tap water) were added per tube. One Galleria larva was added to each tube, the tubes inverted, and incubated at 20°C for 48 h. After this time, larvae were removed, washed in tap water, dried and divided into four groups of 15 cadavers. One group was incubated at each of 10°C, 15°C, 20°C and 25°C on moist filter paper in a 9 cm diameter petri dish. The remaining ten cadavers were dissected and the number of nematodes per larva recorded to estimate the mean parasite burden. Prior to juvenile emergence, the cadavers were placed on individual 'White traps' and water added (approximately 10 ml). After juvenile emergence ceased, the number of nematodes released was counted. This was done by diluting the nematodes recovered from each 'White trap' in 200 ml of tap water in a 250 ml conical flask and counting five lml aliquots of the diluted sample. The average of five counts was taken as the estimate of the number of juveniles released from the cadaver. Any cadavers from which juveniles were not released were dissected to establish the status of the infection.
The effect of temperature on juvenile production from one founder nematode
For each nematode isolate, 100 G. mellonella larvae (approximately 170 mg in weight) were injected with one nematode in 10 ul of sterile Taylor & Bakers (1978) (quoted in Southey (1986) ) Ringers solution (Akhurst & Bedding, 1978) . Following injection, the larvae were incubated at 20°C for 48 h to allow the nematode/bacterium complex to establish. After this time, the cadavers were divided into five groups of 20. One group was incubated at each of 10°C, 15°C, 20°C, 25°C and 30°C in petri dishes (9 cm diameter) lined with moist filter paper. Prior to juvenile emergence, cadavers were placed on individual 'White traps' and water added (approximately 10 ml per trap). After juvenile emergence ceased, the number of juveniles released from each cadaver was assessed using the same dilution method as above.
Statistical analysis
All data were analysed by ANOVA using GLIM (Aitken et al., 1989) . The minimal level of significance was taken as P<0.05.
Results
Effect of temperature on infection
The prevalence of infection in Galleria larvae for each of the four nematode isolates at the seven experimental temperatures is shown in fig. 1 . Two main points can be drawn from these results. First, none of the nematode isolates parasitized 100% of the larvae. The highest prevalence attained was 83% (i.e. 25 out of 30 larvae infected). It was also noted that prevalence over the temperature range 15°C to 25°C was relatively constant, both within and between the isolates. For example, the number of larvae infected by the four isolates at 20°C ranged from 70 to 83% (i.e. from 21 to 25 larvae were infected). Thus little difference in infectivity is apparent over this temperature range, both within and between the four isolates. The second point is that none of the isolates were able to infect over the entire temperature range. For example, the UK isolate of H. tnegidis was the only one which successfully infected at 5°C although the number of larvae infected (two out of 30 larvae) was very low. At the opposite end of the temperature range, the Trinidad Heterorhabditis species was the only one to successfully infect and establish at 35°C. These results support the notion that the temperature range over which the juveniles can infect is related to their geographic origin (Molyneux, 1986) .
The mean number of nematodes infecting the larvae at the different temperatures was also examined (fig. 2) . The trend in infectivity observed for the mean number of nematodes per larva and that observed for the proportion of larvae infected are markedly different. The major difference is that each of the four isolates displayed optimum infectivity at 25°C, with the mean number per host generally increasing with temperature, up to 25°C. Above 25°C, the mean number infecting declined, which was especially noticeable for the UK and Dutch isolates of H. tnegidis.
At each temperature, the mean number of nematodes infecting differed between the isolates. For example, for the UK isolate of H. megidis, the mean number per host at 5°C was only 1.5 (± 0.7) compared to approximately 95 (± 33.0) nematodes at 25°C ( fig. 2) . Similar large differences were noted for the other isolates across the temperature range examined ( fig. 2 ).
If infection is compared between the isolates, no statistically significant difference were noted between the four isolates at 15°C except between H. megidis (Dutch) and the Trinidad Heterorhabditis (F=4.71, P=0.004). The Trinidad isolate was able to infect in numbers comparable to the temperate isolates, although it must be close to its lower temperature limit as no infection occurred at 10°C.
At 20°C, the UK isolate of H.megidis was significantly more infective than the others (F=46.32, P<0.001) with a mean of 74.0 (± 3.7) nematodes per larva, compared to only 44.6 (± 4.1) nematodes per larva for H. zealandica which was next in terms of order of infectivity. Also, H. zealandica was significantly more infective than the Trinidad Heterorhabditis and H. megidis (Dutch) (F=10.78, P<0.001), while H. megidis (Dutch) was more infective than the Trinidad Heterorhabditis species (t=2.47, P=0.018).
The optimal infection temperature for each of the four heterorhabditids was 25°C, with H. megidis (UK) being the most infective. This isolate was significantly more infective compared to the Dutch isolate (with approximately 40% more nematodes per larva), the Trinidad Heterorhabditis species, andH. zealandica (F=10.75, P<0.0001). No significant difference in infectivity was observed between H. zealandica, H. megidis (Dutch) or the Trinidad Heterorhabditis species (F=3.09, P=0.052).
That both isolates of H. megidis could only infect in low numbers at 30°C suggests that this is very close to the upper temperature limit at which this species can infect. In contrast, both H. zealandica and the Trinidad Heterorhabditis were able to infect in significantly higher numbers (F=61.92, P<0.001). There was no significant difference in infectivity between the two H. megidis isolates (t=1.63, P=0.119), or between H. zealandica and the Trinidad Heterorhabditis species (t=0.66, P=0.519).
Documenting the mean number of nematodes which established in the larvae has shown that H. megidis (UK isolate) is generally the most infective of the isolates examined up to 25°C. In contrast, the proportion of larvae infected revealed little difference between the isolates within the tolerance limits of 15°C to 25°C.
Effect of temperature on nematode development
Results for the effect of temperature on nematode development following infection at 20°C are shown in table 1. Concurrently, for each isolate, ten nematode-infected cadavers were examined for juvenile production at each temperature, although the numbers released were not counted. The most striking result was that the isolates displayed remarkable synchrony in their development at each temperature (table 1) . For example, at 20°C mature first generation adults were observed on approximately day nine for each of the five isolates. However, although there was synchrony in development, it should also be noted that not all isolates developed at each of the test temperatures (table  1) . For example, the UK isolate of H. megidis was the only one to successfully develop and reproduce at 10°C although some development occurred in two of the other isolates (table 1) . Nevertheless, development of the UK isolate of H. megidis at this low temperature was very slow with the first cadaver to release juveniles not observed until day 63 following infection. In total, only four cadavers released juveniles and upon dissection of the remaining six, development had not proceeded beyond the hermaphroditic adult stage. At the remaining temperatures, each of the isolates was able to develop and reproduce successfully (table 1), the only one exception being the Trinidad Heterorhabditis species which did not develop at 15°C.
Effect of temperature on juvenile production at low infection levels
Results for the effect of temperature on juvenile production in Galleria larvae following exposure of the larvae to ten nematodes are shown in table 2. Ten additional cadavers, infected at the same time, were dissected to assess the mean number of nematodes per larva for each nematode species.
A number of general points arise from the results. First, the mean number of nematodes infecting the larvae was approximately the same for each isolate (table 2) . Second, juvenile production, by each isolate, did not always occur at all of the test temperatures. For example, no juvenile production was observed by the Trinidad Heterorhabditis species at either 10°C or 15°C, which confirms observations documented in table 1. Third, the temperature range over which juvenile production occurred was not the same as the temperature range over which infection occurred. Fourth, optimal juvenile production did not occur at the same temperature for each nematode species: H. megidis (UK) produced optimal numbers at 15°C, H. megidis (Dutch) at 20°C, and the remaining three species at 25°C. Fifth, for each nematode species, not all nematode-infected cadavers produced juveniles. Additionally, the numbers of juveniles produced from the cadavers showed a high level of variability both within each isolate and at any one particular temperature.
If the numbers of juveniles released at 15°C are compared between the nematode species, the only significant differences were between H. megidis (UK) and H. bacteriophora and between H. megidis (UK) and Notes: * The mean number of juveniles released is followed by the standard error of the mean. The number of cadavers (n) from which juveniles were being released is on the second line. The range is given on the third line. For each species, values followed by the same letter are not statistically significantly different, those followed by a different letter are significantly different at P<0.05. 2 This is the mean (± S.E.) number of nematodes per larva as recorded from the ten additional cadavers which were dissected.
H. zealandica (F=7.12, P=0.001), with H. megidis (UK)
producing approximately double the number of juveniles compared to either H. bacteriophora or H. zealandica (table  2) . Indeed, the Dutch isolate of H. megidis produced approximately 37% fewer juveniles than the UK isolate at 15°C. As the mean number of nematodes infecting the larvae was approximately the same for each nematode species (as assessed by dissecting ten cadavers for each species: results in table 2), it is unlikely that differences in intensity of infection had a significant effect when the mean numbers of juveniles produced by each species are compared.
Heterorhabditis zealandica was the most fecund at 20°C, with juvenile production significantly higher than the other isolates (F=8.36, P<0.001), with the exception of H. bacteriophora. No other significant differences in juvenile production were noted between the species, except betweenH. bacteriophora andH. megidis (UK). The number of juveniles produced by H. zealandica was approximately double that of both isolates of H. megidis (table 2) .
The Trinidad Heterorhabditis species was the most fecund at 25°C, followed by H. zealandica and H. bacteriophora (F=1.92, P=0.165). The mean numbers produced at 25°C by H. zealandica and H. bacteriophora were similar, as occurred at 15°C and 20°C (table 2) . Finally, juvenile production was significantly different between the two isolates of H. megidis at 25°C (F=5.15, P=0.04), but not at 15°C and 20°C.
The effect of temperature on juvenile production from one founder nematode
The preceding results suggest that temperature has a profound effect on the number of infective juveniles produced after low numbers of juveniles infect 'standardized' Galleria larvae (approximately 170 mg in weight). Although care was taken to ensure similar numbers of founder juveniles per larva, it is possible that some of the differences could be accounted for by differences in parasite burdens in some hosts. This possibility was tested by injecting one infective juvenile per larva. Size differences of the various reproductive stages between the isolates were not considered important as they were not found to be significantly different (personal observation).
Results for the mean numbers of infective juveniles produced following injection of one founder juvenile are shown in table 3. The same general trends in juvenile production were observed as detailed in the previous section. However, there were also a number of notable differences. First, the UK isolate of H. megidis did not produce juveniles at 10°C. This is in contrast to the first study when a mean of 5550 (± 957) juveniles emerged per cadaver. Second, the Dutch isolate of H. megidis was most fecund at 15°C in this study, whereas optimal juvenile production occurred at 20°C in the first. Both isolates of H. megidis displayed optimal juvenile production at 15°C in the present study and other unpublished results suggest that 15°C is indeed the optimal temperature for both isolates of H. megidis. Third, the mean number of juveniles released was higher, in general, following the injection of one juvenile per larva compared to exposing the larvae to ten juveniles (compare tables 2 and 3). This was most notable with the Trinidad Heterorhabditis species, where juvenile production was 1.5-2 times higher following the injection of one juvenile per larva. Table 3 . The effect of temperature on juvenile production in Galleria larvae following the injection of one infective juvenile per larva for five heterorhabditids (n=20). Notes: ' The mean number of juveniles released is followed by the standard error of the mean. The number of cadavers (n) from which juveniles were being released is on the second line. The range is given on the third line. For each species, values followed by the same letter are not statistically significantly different, those followed by the same letter are significantly different at P<0.05.
H.megidis (UK)
Within each species, differences were found in the mean number of juveniles released between the temperatures. For example, H. bacteriophora produced juveniles at four temperatures (table 3) , with juvenile production highest at 25°C and significantly lower at both 15°C and 30°C. It was also noted that the number of cadavers from which infective juveniles were released was lower at 15°C and 30°C compared to 20°C and 25°C, suggesting that the nematodes were under stress at the two extremes of temperature.
If comparisons are made between the different nematode species at the same temperature, important differences become apparent. Thus, the two H. megidis isolates are clearly cold adapted compared to the others. Heterorhabditis zealandica is best adapted to 20°C, while the Trinidad Heterorhabditis species is best at 25°C. Indeed, the ranges in juvenile production for these two exceed all the others at these temperatures. The other main point to note is the different numbers of juveniles that are produced from a single founder nematode at its optimal temperature. Thus, H. megidis (both isolates) at 15°C produced approximately 45-60,000 juveniles per host, H. bacteriophora produced approximately 110,000 at 20-25°C, while H. zealandica and the Trinidad Heterorhabditis species produced well over 200,000 at 20°C and 25°C, respectively. This implies that the innate reproductive potential for the various species is vastly different and is highly temperature dependent.
Discussion
The temperature range for infection and host-killing is both species and isolate dependent. The number of hosts killed was shown to be relatively constant over the temperature range of 15°C to 25°C for all the heterorhabditids ( fig.l) . Only at the extremes of the temperature range for each isolate was prevalence found to drop, which suggests that the nematodes were near their temperature limit for infection and host-killing. However, when the number of nematodes establishing in the hosts is compared to the equivalent prevalence, a very different type of trend is observed. By expressing infection in this manner, it is clearly seen that each of the heterorhabditids displayed optimal infection at 25°C (fig.2) . A similar trend was also noted by Grewal et al. (1994b) for both H. bacteriophora (HP88) and H. megidis (HOI). Their results also show prevalence in infection between 15°C and 25°C to be fairly constant but with optimal infectivity at 25°C when intensity of infection was examined. The results from this study further confirm that infection and host-killing by entomopathogenic nematodes is, not surprisingly, markedly temperature dependent but the full extent of this relationship is revealed by examining intensity of infection, rather than only prevalence.
For the processes of both infection and establishment, the numbers of nematodes infecting and establishing at any temperature will depend, in part, on the mobility of the juveniles and their host finding strategy (Grewal et al, 1994a) . However, the numbers of nematodes which successfully establish will also depend on the ability of the associated bacterium Photorhabdus luminescens to multiply, cause a fatal septicaemia and provide a nutrient 'soup'. Within a 'normal' temperature range this is not so critical, but at extremes of temperature, this will be more significant.
Few reports document the upper temperature limit for infection of heterorhabditids. Blackshaw & Newell (1987) found that the upper temperature at which H. zealandica (H. heliothidis ) could infect was 32.3°C. In this study H. zealandica was able to infect at 30°C but not at 35°C, thus supporting their results. In addition, the upper temperature at which the heterorhabditids infected differed markedly between the species. Both isolates of H. megidis could infect up to 30°C. This is in contrast to the results of Grewal et al. (1994b) who noted that H. megidis (HOI) could infect at 35°C. Only the Trinidad Heterorhabditis species was able to infect at 35°C in the present study. The upper temperature limit for the Trinidad isolate used in this study is probably not much higher than 35°C as it could only infect in low numbers, although 40% of the larvae were infected which is the same as at 30°C (figs 1 and 2). That infection occurred at this high temperature was not unexpected considering its tropical origins. However, why the temperate nematode species can infect at temperatures as high as 30°C, or why their optimal infection temperature is 25°C, is unclear as optimal reproduction occurs at 15°C (tables 2 and 3), although this may be a reflection on their evolution. Molyneux (1986) found that the temperature range allowing development and reproduction was narrower than that allowing infection to occur. The same trend was found in the present study, with inter-and intra-specific differences noted (see table 1 for details). Perhaps the most surprising result was that the developmental stages showed remarkable synchrony between the isolates at a given temperature, with the juveniles being released within days of each other. This is remarkable as the isolates are from different climatic zones and it was expected that the Trinidad isolate would be the fastest to develop and reproduce at 25°C, withH. megidis being somewhat slower.
As temperature increased, the time taken from infection to the release of the new generation of juveniles decreased. For example, the time taken for the complete life-cycle at 15°C was approximately 28 days but at 25°C this had reduced to only 14 days. The time of 14 days for juvenile emergence is longer than that observed by Zioni et al. (1992) . They found infective juvenile formation commenced in vitro after 7-10 days for H. bacteriophora (HP88). However, this difference is probably due to initial establishment in vivo taking longer, as the nematodes must migrate to their preferred sites within the host, release the bacteria and become established.
While Molyneux (1986) noted that infective juveniles were produced over a narrower temperature range than that allowing infection to occur, the numbers produced were not recorded. When the numbers of juveniles produced by each isolate were examined in the present study, significant differences were observed at the different temperatures. Zervos et al. (1991) found that juvenile yields for H. bacteriophora (NCI) were much lower than those recorded here, but also found that optimal production was at 25°C. This is in contrast to the findings of Grewal et al. (1994b) who noted that optimal juvenile production for H. bacteriophora (HP88) was at 20°C where yields were in excess of 225,000 juveniles per cadaver. These differences may, in part, reflect adaptations of different isolates of the same species isolated from different locations. In the present study, juvenile production differed between the species/ isolates also, as did the temperature for optimum production. The UK isolate of H. megidis produced juveniles between 10-25 c C but optimum numbers were produced at 15°C. This isolate was also the only one to produce juveniles at 10°C. This result partly agrees with Wright (1992) , who similarly found that H. bacteriophora and H. zealandica did not produce juveniles at 10°C. However, Wright (1992) found that his isolate of H. megidis (HNA) did not produce juveniles at 10°C, as did Grewal et al. (1994b) . The numbers of juveniles produced by H. megidis (both isolates) in this study were markedly lower than the other species. The most fecund was the Trinidad isolate, averaging 238,000 infective juveniles (table 3) per cadaver. Surprisingly large differences in reproduction were found between the two methods of infection (tables 2 and 3). Following injection, only two species produced juveniles at 30°C, namely, H. bacteriophora and the Trinidad isolate, with the Trinidad isolate producing approximately double the number of infectives compared to H. zealandica. In general, the optimum temperature for juvenile production was the same in each study, the one exception being the Dutch isolate of H. megidis. Although both isolates of H. megidis displayed little difference in the number of juveniles produced between the two studies, juvenile production following the injection of only one juvenile per larva resulted in markedly higher yields for the other three species (table  3) . For the Trinidad isolate, a mean of 4.3 (± 1.8) nematodes per larva, which is relatively small, resulted in a dramatic reduction in juvenile production. Zervos et al. (1992) found that increasing the initial dosage from five to 500 juveniles of H. bacteriophora (NCI) per Galleria larva resulted in juvenile yield decreasing significantly. These results suggest that reproduction is tightly regulated by density-dependent constraints.
This study has highlighted major differences in the biology of different species of heterorhabditids in response to temperature. It has also further highlighted differences between isolates of the same species, thus providing further evidence that isolates of a particular species from different geographical locations can (and do) display different adaptations to the same abiotic conditions.
